The relative effectiveness of plain computed tomography (CT), metrizamide CT, conventional myelography, and magnetic resonance (MR) imaging was compared for the examination of cystic spinal cord lesions. Intramedullary cavities in 18 patients were demonstrated by MR imaging: cavities were uncomplicated in 13 patients, associated with spinal tumors in two, and studied after occipital craniectomy for treatment of Chiari malformation and syringomyelia in two. Cavities were shown by MR imaging in all enlarged spinal cords, but a cavity was shown in only one of four small cords. The rostral limits of the cavities were demonstrated better than were the caudal extensions. Ventricular communication was not demonstrated. Chiari malformation was shown only in cavities that did not involve the medulla. Syringes associated with tumor were indistinguishable from uncomplicated cavities, but the tumor had abnormal signal on long spin-echo sequences in two cases. Cystic cord tumor (one case) had an inhomogeneous appearance. Caudal displacement of the cerebellar hemisphere through the surgical defect associated with compression of the fourth ventricle was shown in two cases after posterior fossa craniectomy. Thirteen patients were studied with metrizamide CT also. MR imaging proved to be as accurate as metrizamide CT in the diagnosis of intramedullary cavities that result in spinal cord enlargement, but it was less sensitive in detecting cavities within normal-sized or diminished spinal cords. It had the advantage that tumor tissue could be distinguished from associated syrinx cavities by differences in signal characteristics; and cerebellar ectopia was evaluated easily on sagittal MR views.
Intramedullary cavities have insidious clinical presentations and usually are indistinguishable from intrinsic tumors [1] [2] [3] [4] [5] . The treatment of these two lesions is different: tumors are usually best treated by radiotherapy , certain syringes by surgical decompression, and cavities that communicate with the ventricles, by ventricular shunt procedures [1 , 2, 4-9] . Plain computed tomographic (CT) scans sometimes reveal an enlarged cervical cord and associated cavity within , but cannot be relied on to be precise in diagnosis, and are almost never helpful in determining whether the cavities communicate with the ventricular system [10] [11] [12] [13] [14] [15] . Thoracic cord cavities also are seldom demonstrated because of poor resolution and artifact. The only methods currently available for confirmation are metrizamide myelography and CT with intrathecal metrizamide. Both demonstrate cord enlargement, and CT, especially after a delay of 8-24 hr, often reveals filling of the cavities [11, [14] [15] [16] . The spinal cord can be demonstrated using magnetic resonance (MR) imaging, and there is evidence that MR imaging is useful in the diagnosis of syringomyelia and hydromyelia [17] [18] [19] [20] . We attempted to examine its usefulness relative to plain CT, metrizamide CT, and conventional myelography.
Subjects and Methods
We studied 18 patients with intramedullary cavities: 13 represented uncomplicated syringes , three were associated with spinal tumors (glioma, ependymoma, and meningioma treated by surgery and radiotherapy), and two represented hydromyelia that had been treated previously by occipital decompression of associated Chiari I malformations.
MR imaging was performed with a Technicare 0.5 T scanner: a head coil was used for examinations of the upper cervical area and a body coil for examination of the rest of the spine. An initial series of sagittal scout localization views with different spatial offset from a presumed midline position was performed using a spin-echo (SE) technique with an echo time (TE) of 30 msec and repetition time (TR) of 200 msec (SE 200/30). True midline sagittal sections were selected from these views, and multisection coronal scans were obtained routinely in all cases using an SE 500/30 technique. Multisection axial scans were obtained in four cases. One hundred ninety-two gradient steps in the Y axis and 256 steps in the X axis were used for the scans, corresponding to matrix pixel sizes of 1.3 x 0.98 mm and 2.6 x 1.96 mm for the head and body coils, respectively. The sections were about 10 mm thick. An average of two signals per projection was used to generate the images. A scanning time of 6.6 min was considered appropriate and the images produced were of diagnostic quality. Increased signal-averaging produced scans with better signalto-noise characteristics, but the prolonged scanning time was judged to be impractical for clinical imaging . SE scans using longer TEs and TRs (SE 2000/60, SE 2000/120) were also obtained in many cases . Other techniques, SE 1500/90 and inversion recovery (IR) 1500/450, were tried in a few initial cases to determine the utility of these additional sequences, but they were not used subsequently as they failed to demonstrate syringes.
All CT studies except one were performed using a GE 8800 scanner. One patient was examined with aGE 9800 scanner. Contiguous sections of 5 mm thickness were obtained in the cervical regions and 5 or 10 mm sections were obtained in the thoracic regions . Plain CT scans were obtained in all cases . Metrizamide CT scans were obtained immediately after myelography and after delays of 12-24 hr in 13 cases. Pantopaque myelography was performed in one patient in whom metrizamide CT was not performed .
Results

Uncomplicated Intramedullary Cavities
The spinal cords were enlarged in nine and diminished in four cases ( fig . 1 ). Cervical cord enlargement was shown on both sagittal and coronal views . The thoracic cords were clearly demonstrated in only six cases . The margins of the cord were evaluated best by SE 500/30 using four signal averages in the head coil. Metrizamide CT confirmed the spinal cord sizes shown on MR imaging, Intramedullary cavities were demonstrated by MR in all nine cases in which the spinal cords were enlarged, but only in one with a small cord ( fig. 1 ). SE 500/30 was the optimal technique for demonstrating the cavities . Sagittal and coronal views defined the rostral extent of the cavities in the same cases: two within the medulla ( fig . 2 ), four at the medullocervical junction ( fig. 3) , and three at the upper part of the cervical cord . The caudal limit of the cavities in the thoracic region was better shown on coronal than sagittal views: two were in the lower cervical cord ( fig . 4 ) and three in the thoracic cord ( fig. 5 ). The caudal limits of the other five cavities were not seen. The rostral margins of the two cavities within the medulla were rounded ; cavities that appeared to terminate in the medullocervical junction (four cases) and the cervical cord (four cases) all had tapered shapes (figs. [2] [3] [4] . The shape of the cavity alone did not appear to be useful in distinguishing uncomplicated cavities from those associated with spinal tumor. No definite communication with the fourth ventricle was demonstrated in any case . Axial views showed the cavities to be central in location within the spinal cord and had homogeneous low signal on SE 500/30 images in all four cases so studied . SE 2000/120 images did not demonstrate the cavities and did not show increased signal in any part of the spinal cord to suggest an associated tumor.
Chiari I malformation shown in five cases and the ectopic tonsils were clearly demarcated from the spinal cord ( fig . 6 ). This malformation was present only in cases where the intramedullary cavities appeared not to enter into the medulla. The two cases of syringobulbia did not have tonsillar ectopia.
A definite cervical intramedullary cavity was shown on one plain CT scan obtained with the GE 9800 scanner ( fig. 7) . Metrizamide CT showed filling of the intramedullary cavities in four of si x cases with expanded spinal cords ( fig . 8 ). Similar fill ing was seen in three of the four cases of small cords studied ( fig. 9 ). There was · cord enhancement in the other case; it outlined a central cavity not filled with contrast material ( fig . 10 ). 11 ). In the third case a cyst causing expansion of the medulla was shown on a sagittal SE 500/30 image; the cervical cord was also enlarged but was separated from the medulla by a normal-sized segment. Axial SE 500/30 and SE 2000/90 images revealed inhomogeneous signal within the intramedullary cavity suggesting cystic as well as solid components ( fig. 12 ). All MR findings were verified by surgery. Metrizamide was not shown within the cavities on delayed CT in any case.
Tumor Cysts
Postoperative Cases
The cervical cord was atrophic in one case and normal in the other. The Chiari I malformations were modified by occipital craniectomy in one case; the entire cerebellum appeared to have descended into the surgical defect and the fourth ventricle appeared small ( fig. 13 ).
Discussion
The diagnosis of syringomyelia or hydromyelia is made only when the intramedullary cavity is imaged. The spinal cord is often enlarged, but at times it may be smaller than normal [2, 11, 15, 16, 21] . The size of the cord may be evaluated by myelography or metrizamide CT, and occasionally by plain CT of the cervical region [3 , 10-16] . Intramedullary cavities are rarely demonstrated on plain CT and often require delayed metrizamide CT examinations [) 1, [14] [15] [16] .
A common associated abnormality of hydromyelia is the Chiari I malformation, which has been suggested to play an important part in the pathogenesis of intramedullary cavities [1 , 2, 9, 22-24] . The presence of such an anomaly and ventricular communication of the hydromyelia has an important bearing on surgical therapy . Ventricular decompression of cysts that do not communicate with the ventricle in the presence of a Chiari I malformation does not ameliorate the clinical symptoms and often makes them worse [1 , 2, 4, 5, 7-9,25 , 26]. Other causes of syringes such as tumor, radiation therapy, trauma, and hemorrhages have to be sought, as these primary diseases also affect therapy [1 , 3, 24, 25] . 
Spinal Cord Size
Intramedullary cavities are not always associated with enlarged spinal cord . MR demonstrates changes in spinal cord size in the cervical region, but is not as sensitive as myelography or metrizamide CT in revealing slight alterations. The presence of kyphosis and scoliosis makes it difficult to align MR sections accurately in the thoracic region in a substantial proportion of cases , and results in poor imaging of the thoracic spine. The smaller diameter of head compared with the body coil also permits better resolution in imaging of the upper cervical spinal and craniocervical junction than is obtained in the rest of the spinal cord using the body coil. SE 500/30 is the optimal pulse sequence for demonstrating the spinal cord . A c on the posture of the patient, namely that it collapses in the upright position [2 , 15] . This undoubtedly occurs during air myelography, where there is a difference in hydrostatic pressure of fluid inside an intramedullary cavity and the subarachnoid air [1 . 2, 21] . This mechanism cannot be used to explain a small cord size , either on metrizamide studies, plain CT scans, or MR images. where the pressures in these spaces are equal. A more plausible explanation would be that the cavity varies in size in different parts of the spinal cord. and atrophy is present in unpredictable regions. Generalized cord atrophy has been a concomitant finding in some cases studied .
Intramedullary Cavities
Intramedullary cavities have been divided into hydromyelia, which is a dilatation of the central canal, often communicating with the ventricular system, and syrinx, arising primarily outside the central canal [1, 2, 14] . The latter occurs secondary to intramedullary tumors, trauma , and bleeding into the spinal cord [1, 3, 25 , 26] . Hydromyelia has been thought variously to arise from interference with the ventricular or subarachnoid pressure and pulsation, in the presence of a Chiari I malformation [1] [2] [3] [22] [23] [24] . From a therapeutic standpoint, the important factor is to determine whether the cavity communicates with the fourth ventricle and if cerebellar tonsillar ectopia is present.
CT resolution is better in the cervical than thoracic regions: Large cervical spinal cord cavities are occasionally visible on plain axial CT scans, especially when high-resolution scanners are used [7] . Smaller cavities are demonstrated only when they fill with metrizamide. It is unknown what proportion of cavities are thus filled, even with delayed repeat CT examinations. In our series cavities were seen on MR in all cases where the spinal cords were enlarged but only in a fraction of small cords . The reason MR failed to reveal cavities within small spinal cords may well be the small size of the cavities, which are invisible because of partial-volume effect on the 1 0-15-mm-thick MR sections. Preliminary published data using surface coils and stronger magnets indicate substantial improvement in spatial resolution in examinations of anatomic structures close to the surface, such as the orbit and the temporal bones [27 , 28] . SE 500/30 imaging seems to be the optimal technique for demonstrating cavities. It is important to image cord cavities on both sagittal and coronal views . The axial section is sometimes useful in viewing the cavities , especially in the thoracic region , where CT scans are considerably degraded by artifacts. However, because of the limited anatomic field covered by multiple-plane axial sections, it is not possible to view the entire spinal cord using a single set of scans; this method should be reserved for diagnosing cavities that are shown inadequately in the other planes.
Filling of an intramedullary cavity on metrizamide CT does not mean that there is communication with the ventricular system. It has been variously suggested that filling occurs by transependymal/cord passage of contrast material, filling via an open communication with the subarachnoid space at the conus medullaris, or via the fourth ventricle at the obex [15 , 26, 29] . The cord cavities may extend into the medulla; some have rounded configurations and appear to enlarge the medulla and distort the fourth ventricle , with which it does not seem to communicate. In other cases the upper margins are tapered , suggesting a small communication with the ventricular system , even though a passage is not seen due to the limited spatial resolution . In other cases the cavities are situated entirely within the cervical and thoracic cord , quite distal to the ventricular opening . The caudal limit of cavities that end in the cervical region are usually clearly demarcated; those that terminate in the thoracic cord are seldom defined due to the poor resolution of our current MR imaging in this location.
As clear communication between intramedullary cavities and the ventricular system is almost never demonstrated, it is not usually possible to differentiate syringomyelia from hydromyelia. Truly eccentric location within the spinal cord may be more characteristic of syringomyelia than of hydromyelia. In our studies, unfortunately, the cavities were usually large and occupied most of the spinal cord. Spinal cord tumors may be partly cystic. The cystic and solid parts of tumors are seen to have different signal intensities; the locations and configurations of the cord expansion may also be eccentric and irregular, as shown in one of our cases . In cases of syrinx associated with a cord tumor the cyst had an appearance identical to simple hydromyelia, but the tumor itself often had abnormal signal on SE 2000/120 images. The relation of the cavities to the tumor was less clear-cut in the case that had been treated by surgery and radiotherapy. It is possible that the latter was the sole cause of the syrinx, since meningioma is rarely associated with syringomyelia [25] .
Chiari Malformation
The incidence of the Chiari I malformation in our study was similar to that reported in the literature [1-3 , 23, 24] . It is noteworthy that this malformation was present only in cases where the intramedullary cavity was below the medullocervical junction and was not seen in the two cases in which the cyst involved the medulla. The significance of this association is unknown. The incidence of asymptomatic hydromyelia in patients investigated for clinical symptoms of the Chiari I malformation is unknown. The use of MR in the investigation of diverse neurologic disease has already detected some asymptomatic Chiari malformations, and undoubtedly incidental hydromyelia will be revealed . Irrespective of the mechanistic relation of the Chiari malformation to production of hydromyelia, it is generally agreed that it should be treated at the same time as the cord cavity is decompressed [2, 4, 5, 8, 9] . Tonsillar ectopia is detected on sagittal views: the tonsils are sometimes contiguous and inseparable from the posterior margin of the spinal cord , and may be confused with localized tumor expansion of the medulla and cervical cord [30] .
